An emerging evidence suggests that dietary calcium may play a role in the regulation of body weight in humans. This study examined the relationship of calcium intake with body mass index and body fatness in Thai children. Methods: A cross-sectional study in 1570, 6 -12 year-old children were conducted in representative provinces of Thailand. Body weight, height, sitting height and 4 sites skinfolds thickness were measured as well as the dietary intake using a 24 h recall and a food frequency questionnaire (FFQ). General linear model (GLM) analysis was used to determine the effect of calcium intake on body mass index (BMI) and body fatness of children. Results: There were no differences in parental education and family's socio-economic status between genders. Girls had significantly greater sitting height (p = 0.035), sitting height to height ratio (p = 0.014) and sum of four skinfold thickness (p = 0.001) than boys. Mean calcium intake was lower in girls than in boys. GLM analysis demonstrated that lower calcium intake among children was associated with higher body weight, BMI and sum 4-skinfold thickness. Conclusion: Lower calcium intake is associated with higher BMI and body fatness of Thai children. Further studies need to determine the optimal calcium intake to prevent overweight and obesity in children.
Introduction
The increasing prevalence of childhood obesity is a global public health problem [1] [2] as obesity is associated with increased risk of non-communicable chronic diseases such as diabetes, dyslipidemia, hypertension and cardiovascular disease in later life [3] [4] . The development of obesity is caused by multiple factors. Besides genetics, environmental factors affecting changes in dietary pattern and lifestyle appear to be important determinants for the increasing adiposity prevalence. It is known that excess energy intake for an extended period will lead to an increase in body weight. Additionally, emerging evidence suggests that dietary calcium may play a role in the regulation of body weight and body fat [5] [6] . Results from cross-sectional studies showed an inverse association between calcium and body mass index among adolescents and adults [7] [8] . Longitudinal studies in children and adolescents also indicated an inverse association between calcium intake and body fat or sum of skinfolds [9] [10] whilst randomized controlled trials revealed inconsistent results [11] [12] . In adults, high calcium intake was also found to be negatively correlated with plasma LDL-cholesterol and total cholesterol after adjustment for body fat and waist circumference [13] . In most diets, dairy contributes substantially to calcium intake. Regarding the role of dairy consumption on the development of obesity, a recent systematic review of 19 prospective studies has shown both positive and negative effects of dairy intake as well as no impact on weight gain in human subjects [14] .
Thailand has experienced a rapid socio-economic development over the last few decades. This economic transformation included a process of urbanization and nutrition transition, thereby, bringing about an increasing prevalence of childhood obesity. When using weight-for-height as criteria, the prevalence of obesity increased from 5.8% to 7.9% for preschool children and from 5.8% to 6.7% for school-aged children from 1997 to 2001 [15] . A recent nutrition survey in 3119 Thai infants and children, aged 6 months -12 years, from 4 regions of Thailand including Bangkok, showed an overall prevalence of childhood obesity of 11.8% for municipal and 5.9% for non-municipal areas and the highest proportion of obese children was found among the school-age group (6 to 12 years). The prevalence of underweight ranged between 6.4% -10.2% and the stunting prevalence in non-municipal areas was twice as high as in municipal areas; 8.4% versus 4.1% [16] . Furthermore, results showed that calcium, iron and vitamin C intakes of children were relatively low compared to the recommendation [16] . Therefore, the aim of this study was to investigate the relationship between calcium intake and adiposity of Thai school-aged children.
Material and Methods

Study Design
This study was part of the South East Asian Nutrition Survey (SEANUTS) which aimed to examine nutritional status and nutrient intakes of infants and children, aged 6 months -12 years, in Indonesia, Malaysia, Vietnam, and Thailand [16] . The survey in Thailand was carried out in four regions of the country during January-August 2011. The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee on Research involving Human Subjects of the Faculty of Medicine, Ramathibodi Hospital, Mahidol University (MURA 2010/467), Thailand. Written consent was obtained from parents or caretakers of the children. The study is registered in the Dutch trial register as NTR2462.
Study Population
Subjects were 1570, 6 -12 year-old children whose families were residing in provinces located in 4 regions of Thailand. Multi-stage random sampling technique was applied to recruit the children. The representative province was sampled for each region, i.e., Lop Buri province for the Central, Chiang Mai province for the North, Si SaKet and Kalasin provinces for the Northeast and Phang-nga province for the South region of Thailand. Bangkok (the Central region) was also chosen. Then each province was stratified according to proportion of municipal to non-municipal areas and subsequently villages were randomly selected as target groups. The target number of children was determined based on their proportion to the overall number of 6 -12 year-old children in the specified regions.
Data Collection
Data collection was performed at health centers in each district. Information of demographic characteristics of the children's families was obtained by interviewing parents and/or care takers using structured questionnaires.
Anthropometric Measurements
Body weight was measured using a digital weighing scale (Seca Model 882, GmbH & Co., Hamburg, Germany) to the nearest 0.1 kg. Standing height was measured with a stadiometer (Microtoise, Stanley-Mabo ® , Poissy, France) to the nearest 0.1 cm. Body mass index (BMI) was calculated as body weight divided by height squared (kg/m 2 ). Sitting height (SH) was measured with the subject sitting on a flat hard stool with the buttocks in contact with the backboard of the stadiometer while the legs were supported by a footrest so that the child's thighs were horizontal. The height of the stool was subtracted from the readings. Sitting height ratio (SHR) was calculated as SH/standing height × 100. Skinfold thickness was measured at four anatomical sites using a skinfold caliper (Holtain Ltd., Crymych, UK) to the nearest 0.2 mm. The triceps skinfold was measured on the left arm midway between the acromion process of the scapula and the olecranon process of the ulna. The biceps skinfold was measured at the same level as the triceps skinfold. The subscapular skinfold was measured just below and parallel to the medial border of the scapula at an angle of 45˚ and the supra-iliac skinfold was measured at the mid-axillary line, just above the left iliac crest and 45˚ towards the front of the body. Skinfold measurements were taken in triplicate and the average value was used in the statistics. The sum of four skinfolds was used as indicator of body fatness.
Dietary Assessment
Dietary assessment in children was performed using a semi-quantitative food frequency questionnaire covering the past month to estimate daily milk intake and the use of a 24-hour food recall to determine dietary calcium of children. For children aged <10 years, the information on food intakes and consumption frequency was obtained from children's mothers, whereas for children aged >10 years, food intake data were from interviews with the children. Household measuring cups and/or spoons and pictorial food models were used to estimate food portion size and the amount of cooked rice consumed by the children was also weighed. All food codes were converted and analyzed for nutrient intakes using the INMUCAL-N V2.0 (Institute of Nutrition, Mahidol University) program. Since only one 24 h recall was obtained, the estimating nutrient intake distributions of children were performed using external variance estimates to correct for day-to-day within person variation. The principle method has been described elsewhere [17] [18] and the Personal Computer Version of Software for Intake Distribution Estimation (PC-SIDE) was applied to determine the estimates of nutrient intakes of children [19] .
Statistical Analysis
Data analysis was performed using Predictive Analytics Software Statistics (PASW) version 18 (SPSS Inc., Chicago, IL, USA). Results of anthropometric variables and nutrient intakes of children are presented as mean, standard deviation (SD) and median. The Kolmogorov Smirnov test was used to test normality of data and data that was not normally distributed were log-transformed and the transformed data were used in the statistics. Qualitative characteristics of children's families were compared using Chi-squared test. Mean differences in anthropometric indices and nutrient intakes between boys and girls were tested using Student's t-test and the Mann Whitney test. Calcium intake of children was categorized in tertiles and analysis of variance (ANOVA) was used to determine mean differences in variables between the three tertiles of calcium intake groups. General Linear Model (GLM) procedure was used to test the effect of calcium intake on body weight, body mass index and body fatness, after correcting for the confounding effects of gender, age, residential area, mother's education, family income, sitting height and energy intake. Statistical difference was set at p < 0.05. Table 1 shows the socio-demographic characteristics of the children's families. The proportion of children in non-municipal areas was twice as high as that of municipal areas but there was no significant difference in proportion between boys and girls. There was also no difference in the education background of the children's parents between the genders. It was found that about 50% of the parents completed primary education level. Around 40% of the families, earned 6000 -14,000 Baht (approx. 183 -427 USD, 1 USD = 32.7 THB) per month, whereas the proportion of families with an income of >14,000 baht per month was about 31% of the study group. Table 2 shows the results of anthropometry and nutrient intakes of children. Mean age was 9.4 ± 2.0 years for boys and girls, with no difference between the genders. Body weight, body height and BMI of boys were not different from that of girls. However, boys had significantly lower sitting height values (p = 0.035) and lower SHR (p = 0.014) than girls, meaning the boys' legs were relatively longer. The sum of four skinfolds of girls was significantly greater than that of boys (p = 0.001). Boys had significantly higher intakes of energy, protein, fat, carbohydrate (p = 0.001) and calcium (p = 0.020) than girls. Both boys and girls had noticeably higher protein but lower calcium intakes than the Thai Recommended Dietary Allowances (RDA). Table 3 shows that children with calcium intakes of >253 mg/day (upper two calcium intake tertiles) had significantly lower body weight (p < 0.05) and sitting height (p < 0.05) than those with calcium intakes <253 mg/day (lower calcium intake tertile). Milk consumption was higher in the highest calcium intake tertile. Table 4 shows that after correcting for confounding variables, children in the lowest two calcium intake tertiles had significantly higher body weight (p = 0.01) and BMI (p = 0.025) compared to those in the highest calcium intake tertile. Also, children in the lowest calcium intake tertile had significantly higher sum 4-SKF (p = 0.039) compared to those in the highest calcium intake tertile (Model I). Likewise, similar results were obtained when percentage ofcalcium intake from milk was the independent variable (Model II). But when milk intake from FFQ was used as independent variable, no effect of milk consumption on body weight, BMI or sum four skinfolds was found (Model III).
Results
Discussion
Dietary calcium is known to be an essential nutrient for bone accretion and bone health. This study explored the relationship of calcium intake to adiposity in terms of body weight, BMI and subcutaneous body fat of Thai school-aged children. The study population was from low-to-middle socio-economic families in municipal and non-municipal areas. Although there were no differences in age and BMI between the genders, girls had significantly higher sitting height and SHR values than boys. Skeletal dimensions vary with age, gender and ethnicity and probably influence body composition. Children with greater SHR values have relatively short legs [20] . Furthermore, studies have shown that short leg length and SHR were associated with the risk of non-communicable chronic diseases, i.e., hypertension and coronary heart disease [21] [22] . Girls also had a greater sum of skinfolds, thus had more subcutaneous fat than boys of similar age. Body fat is known to be associated with age and gender and a study has shown that female had greater sum of skinfold thicknesses than in males, with a larger increase with age [23] .
Boys had significantly higher intakes of energy, protein, fat, carbohydrate and calcium than girls. However, the total calcium intake of both genders was relatively low; at only 42% and 39% of Thai RDA for boys and Results are from total 1567 children (data of three girls were missing). a,b,c Significant mean difference between groups are denoted with different superscript letters by ANOVA, at p < 0.05; d Median values were in parentheses; e Sum 4-SKF, sum of biceps + triceps + subscapular + supra-iliac skinfolds. ln, log transformations of the body weight, BMI and sum of 4-skinfolds. a,b,c GLM model is adjusted for gender, age, residential area, child's mother educational level, family income, sitting height ratio and energy intakes of children; d Calcium intake is from 24 hr food recall; e Reference group is calcium intake of >417 mg/day; f Reference group is percentage of calcium intake from milk as 3rd tertile; g Milk intake is from food frequency questionnaire; h Reference group is milk intake of >380 ml/day; i Sum 4-SKF, Sum of biceps + triceps + subscapular + supra-iliac skinfolds.
girls, respectively and about half of the children consumed less than 70% of the RDA of dietary calcium (data not shown). The contribution of percentage calcium from milk intake to children was 39.2% -40.7% of total calcium from all food groups suggesting that milk was the main source of calcium. Average milk intakes of children as assessed by FFQ was relatively low with 367 and 343 ml/day in boys and girls respectively ( Table  2) . This reported milk intake by FFQ would result in a higher calcium intake of about 249 mg/day. It is well known that FFQ tends to overestimate intakes compared to 24h recall [24] . The reported milk intakes were slightly higher than that reported in the 2009 Thai National Health Examination Surveys which indicated that school-aged children consumed less than 250 ml milk and other dairy products per day [25] . Other potentially calcium sources in the Thai diet could be fish, anchovy and dried shrimp and some vegetables such as kale and amaranth. However, such food intakes were found to be relatively low in children; i.e., average intake of fish and aquatic animal products was only about 11.4 g/day and the average intake of calcium-rich vegetables was less than 20 g/day, contributing to total calcium intake for 7.4% and 4.1% respectively (data not shown). Therefore, these foods did not substantially contribute to the calcium intake in these children. The children did not achieve the RDA for calcium ( Table 2) , which is currently set for this age group at 800 -1000 mg/day. Increasing milk consumption in the Thai diet to 400 ml/day (2 servings/day) as recommended by the Thai Food Based Dietary guideline [26] would increase the calcium intake to approximately 47% -60% of RDA. Also other studies in the Asian region show that calcium intakes of children and adolescents are suboptimal with for example 59% -64% of RDA in Taiwan [27] and 50% -60% of RDA in Korea [28] . Factors affecting milk consumption included urbanization, which leads to changes in food consumption patterns, social and cultural norms and the relative prices of food commodities [29] . Results from nutrition surveys showed that inadequate calcium intake in children may also be related to the replacement of milk as beverage by sweetened soft drinks [30] . Moreover, family environment has been shown to be important for shaping children's eating behaviors. One study demonstrated that milk and soft drink consumption of the mothers predicted their daughters' intakes of such beverages [31] . Although our study did not deeply explore the influence of family environment on children's milk consumption, it has been suggested that parents are role models for their children's eating behaviors.
When children were categorized in three calcium intake levels, those who had high dietary calcium intakes had significantly lower body weight than children consuming less calcium although they were younger. As the fact that there will be the trend of increasing body weight according to the increasing child's age. However, results from Table 4 indicated that when the child's age and other confounding variables were statistically adjusted in the GLM model, it was found that lower dietary calcium intake was associated with higher body weight, higher BMI and higher sum of skinfold thickness in children. Previous studies on the effect of dietary calcium on the regulation of body weight and body fat showed mixed results. Cross-sectional [7] [32] and longitudinal studies [9] [33] have shown an inverse association between calcium intake and BMI and between calcium intake and body fat among children and adolescents. However, a randomized controlled trial (RCT) study [34] and a review of evidence [35] showed inconsistent results. A possible explanation of the effect of calcium on body fat is, that higher dietary calcium can induce fecal fatty acid excretion [36] . At cellular level, studies in human adipocytes demonstrated that high calcium intake could be linked to decreased intracellular calcium, and thereby, decreased lipogenic gene expression and increased lipolysis [37] .
In most diets, milk and dairy products are a major contributor to calcium intake. The fact that in this study no effect of milk intake from FFQ was found can have various reasons. First, it seems likely that the reported milk intake is an overestimation as in general FFQ tends to overestimate intakes [24] . Secondly, with the relatively low milk consumption pattern of the children, the contribution of milk to calcium intake is relatively low with on average 52%, thus a possible effect is more difficult to detect. This is also obvious from the results of model II in Table 4 . Thirdly, depending on the type of milk consumed (skimmed or full cream), a possible positive effect of calcium in milk might be counterbalanced by a higher total fat consumption although total energy intake was corrected for in the analyses. A review of the literature showed either beneficial or neutral effects of dairy foods on body weight or body composition [38] .
The strength of the present study is that the sample of children was obtained from multi-stage random sampling from all regions of Thailand, and therefore, the results can be seen as representative for the country. A limitation of this study is that food recall for each child were performed for only one day, which did not take into account the variation in nutrient intakes. In addition, body fat of the children was not directly measured, which might misclassify some children with a high BMI due to high lean body mass.
Conclusion
This study demonstrated that a lower calcium intake was associated with a higher body weight, BMI and skinfold thickness in Thai school-aged children. Future randomized controlled trial studies are needed to examine whether individual dairy food items, as main calcium contributors in the diet, may play a protective role on weight status, body proportion and/or body composition.
